Background: Clinical reasoning is an essential skill for healthcare professionals to develop to better manage and treat their patients. It is best described as the ability to analyze, interpret, and investigate a patient appropriately given their constellation of symptoms and signs. Clinical reasoning has come under scrutiny as an area for professional development, with many questionings whether it can be formally taught or if it is simply an organic process which improves with experience. This study aims to investigate whether formalized clinical reasoning teaching during medical school has an impact on the clinical reasoning abilities of its students.
Introduction
Clinical reasoning (CR) is the term used to describe the analysis of a patient's clinical presentation by a healthcare professional, so as to better ascertain their likely diagnosis and appropriate management plan. It is an essential skill for healthcare professionals to develop from an early stage in their careers and has thus come under close scrutiny as a possible area of study in medical schools [1] .
CR is best broken down into two components that are heavily intertwined. The first being the 'intuitive' component and the second the 'analytical' component [2] [3] [4] . The intuitive component draws upon pattern recognition and snaps decision making which cannot often be broken down into a logical thought process either by external sources or indeed the practitioner themselves. The analytical component, however, can be traced relatively easily as it is a methodical, conscious act drawing upon prior knowledge and logical thought processes.
Although there is some dissent in the literature, with authors such as Neufeld et al arguing that CR is a relatively constant measure in students, many believe that CR can be taught. Authors such as Groves and Da Silva state that CR skills develop as the student progresses in their learning, whilst others go even further, reporting that the course curriculum itself has a strong impact on the CR of its students [5] [6] [7] .
Medical education thus focusses on the premise that although CR may develop gradually throughout higher education [8] , this is likely to represent the unconscious intuitive element of CR. We can therefore still aim to positively influence the development of a student's CR by targeting the analytical element through focused teaching.
Aims and objectives
In current literature, there is a discrepancy which has previously been alluded to between studies which report the development of CR to be an organic process, which happens naturally over time, and others who believe that it should be formally taught [9] [10] [11] .
The University of Nottingham (UoN) Medical School redesigned the clinical course to include CR teaching borne on the tenants espoused by authors such as Hmelo et al and Koh et al, that repeated exposure to well-selected cases can nurture and develop a student's CR.
This study aims to look at whether there was a significant difference in the CR skills between the students who received no CR teaching, some CR teaching, and fully integrated CR teaching.
The research question and associated hypothesis are as follows: Research question: Does the level of CR teaching have an impact on the development of CR? Hypothesis 1: CR teaching has no significant effect on the CR of students as measured by the CR score in the summative exams.
Hypothesis 2: CR teaching has a significant effect on the CR of students as measured by the CR score in the summative exams.
Methods

Structure of the UoN clinical curriculum
As this study focusses on the UoN and its clinical curriculum, it is important to understand its clinical components.
Clinical Phase 1 (CP1) is a seventeen-week period with rotations on medicine and surgery. The goal during this period is to learn the common conditions associated with these areas and to improve on relevant examination skills and history taking. The attachment culminates in a single knowledge-based multiple choice exam and a single rotation of objective situational clinical examinations.
Clinical Phase 2 (CP2) is a forty-week placement encompassing a greater range of specialties including obstetrics and gynecology, pediatrics, geriatrics, general practice, psychiatry, dermatology, and ophthalmology. The attachment culminates in two knowledge-based multiple choice exams and two rotations of objective situational clinical examinations.
Clinical Phase 3 (CP3) is a thirty-two-week placement covering medicine, surgery, musculoskeletal disorders, general practice, and critical care. The goal during this period is to consolidate the students' knowledge and clinical skills in preparation for their first year as a clinician.
The attachment culminates in two knowledge-based multiple choice exams and two rotations of objective situational clinical examinations.
After exams students go on to complete a 'Transition to Practice' element which includes seven weeks on elective and seven weeks shadowing on a ward. CP2 is a specialized year which is difficult to compare to its counterparts. CP1 and CP3, however, are relatively similar in terms of subject material and as such are the focus of this paper.
Since 2012 the UoN medical school has been updating its practices to include CR as part of its curriculum. The role CR teaching played in the clinical curriculum at the UoN was distinctly different between the three following cohorts: Cohort 1 received no formalized CR teaching during their time at medical school. Cohort 2 received a modicum of CR teaching which started during their clinical phases and was a new addition to the curriculum. Cohort 3 underwent a clinical curriculum into which CR teaching was firmly embedded.
Data collection
Data is collected from the summative knowledge assessments that take place at the end of CP1 and CP3 for each of the three cohorts that passed through the clinical phases of medicine at UoN between 2011 and 2016. This data will then be analyzed to ascertain whether CR teaching has an impact on the CR scores of the different cohorts involved in the study. Table 1 shows the overall number of students per cohort. Before the exam: classification of CR and non-CR questions
Written papers were divided into CR and non-CR (NCR) questions by a team of fifteen to twenty-five experts in standard setting meetings.
These experts had a range of backgrounds including general practice, consultants in relevant disciplines (e.g. respiratory medicine, cardiology, etc), teaching fellows, junior doctors, and medical educators.
Any discrepancies between the experts as to whether a question is defined as CR or non-CR are resolved through two measures. First is by mapping the question against 'Outcomes for graduates' from 'Tomorrow's Doctors' sections 8c, 8g, and 14f from the General Medical Council (GMC) [12] . Secondly, the question must require the student to either apply, analyze, evaluate, or create as per four of Bloom's six cognitive processes. The questions then continue to be discussed until a mutually agreeable conclusion is reached.
CR questions can cover a range of topics including being given history and formulating an appropriate differential diagnosis; the interpretation of physical signs to diagnose a patient and come up with an appropriate management plan; matching case vignettes to the appropriate pathology; analyze investigations to provide an appropriate follow-up plan.
After the exam: psychometric evaluation
Routine psychometric evaluation is carried out on each medical exam paper using Classical Test Theory (CTT) and Item Response Theory (IRT) to ensure a high-quality assessment tool. Questions identified as too easy or too difficult are identified via student-item maps and then discarded. Each paper is subsequently analyzed using test-score reliability (Cronbach's alpha), item discrimination index (ID), and standard error of measurement (SEM).
Frequency and discrimination (U-L) analysis and learning objective analysis is also carried out for each paper. Question difficulty (p) and discriminatory value (d) are calculated with questions having a d < 0.15 (low discriminatory value) and p < 0.2 (very difficult) being excluded. Subsequently, the reliability of the test was measured using generalizability (G) theory and to address error variance among questions. These analyses are carried out so that the summative assessments better reflect the differences between students with regards to their skills and knowledge.
Finally, the papers are reviewed by internal peers and external examiners. Their opinions are carefully considered, and action is decided upon as appropriate. Tables 2 and 3 
Data analysis
The data was analyzed using analysis of variance (ANOVA) in conjunction with Tukey's test to evaluate whether there was a statistical difference in the CR scores between each cohort's CP1 and CP3 score. These parametrical statistical tests require the data to be normally distributed, which was achieved with the use of kurtosis statistics and investigation of the skewness and histogram to confirm the distribution of data.
The longitudinal analysis helped determine whether there was a statistically significant change in CR scores between the cohorts in their CP1 and CP3 exams. p < 0.05 was deemed statistically significant. Ethics approval
Ethical approval was sought for the conduction of this study. As this research is classified as service evaluation the ethics committee deemed it unnecessary as 'ethical approval is not required for processing data'. This research does not directly involve people and examination data is anonymized throughout.
Results
ANOVA was conducted to determine whether the impact CR teaching had on the final CR scores for each cohort was significant. Total scores in the summative exams were significantly different across the three cohorts which each had different levels of CR teaching.
CP1 results Table 4 summarizes the ANOVA results from the CP1 dataset. The results showed that the CR scores (F (2, 1019) = 698.85, p < 0.001) and total score in the summative exam (F (2, 1018) = 38.62, p < 0.001) were significantly different between the three cohorts. CP3 results Table 6 summarizes the ANOVA results from the CP3 dataset. The results showed that the CR scores (F (2, 1000) = 2042.58, p < 0.001) and total score in the summative exam (F (2, 1000) = 149.07, p < 0.001) for Paper 1 and CR scores (F (2, 1000) = 229.76, p < 0.001) and total score in the summative exam (F (2, 1000) = 215.66, p < 0.001) for Paper 2 were significantly different between the three cohorts. Table 7 
Null hypothesis
In summary, CR scores were consistently higher in the third cohort who experienced a fully implemented CR teaching curriculum. The exception to this was Paper 1 in CP3 where Cohort 1 had both a significantly higher CR and summative score. However, due to the summative score for Cohort 1 also being so high in both Paper 1 and 2 of CP3 it could be hypothesized that this anomaly is due to the abilities and knowledge of this cohort.
With these results, the null hypothesis that CR teaching has no significant effect on the CR of students as measured by the CR score in the summative exams was rejected. The ANOVA results showed a significant effect which supports the hypothesis that CR teaching has a positive effect on a student's CR abilities. 
Discussion
Even though the literature differs as to the effectiveness of CR teaching in instilling CR in healthcare students, this study supports its effectiveness. CR teaching had a significant effect on the CR of its students and as such course curriculums should have CR embedded into them to better prepare its students for the future.
The research question asked whether CR teaching had a significant effect on the CR of its students. The statistical analysis reported a significant effect from CR teaching and supports its continued implementation at the UoN.
Despite this, it is important that this teaching is intentional and methodical and not opportunistic. It must represent a challenge to students.
CR teaching is also most effective if it is supported by timely feedback, coaching and effortful practice as per Ericsson's theory [13] . Thus, the CR teaching will be best received if it is constantly planned, evaluated and redesigned based on the students' needs.
Limitations
This study had three key limitations associated with its methodology, its assessment of CR and the analysis of the data sets.
Due to the limited time and resources with which the study was run, it was not possible to compare the performance of the three cohorts of students using conventional evaluation methodology. This was a key limitation of the overall methodology, alongside the time constraints which meant that the researcher was only able to compare the students' CR during the clinical phase and not throughout the five-year curriculum. A process which would have taken ten years to complete.
The assessment of the students' CR was also limited. The data used throughout the study uses the summative exam performance as a proxy measure of CR, yet that doesn't necessarily reflect all of the aspects of a student's CR abilities. A further area in which the students could have been analyzed was their objective situational clinical examination (OSCE) performance at the end of CP1 and CP3. The researcher was unable to do this, however, as ethical and logistical restrictions applied. To include this data, questions and mark schemes would have had to have been designed and analyzed for decision-making/CR marks and distinguished from the overall score for each student. This information would not only have been difficult to obtain logistically but is also protected and as such should not enter the research domain. Finally, in the quantitative study, many data sets were collected on a varying number of students completing different summative exams with different CR components in them. As such ANOVA testing was used to compare the group means instead of conducting a pairwise analysis of the difference of scores. This may have had ramifications on the analysis as we cannot assume that there was equal variance among the different groups.
Recommendations for future studies Future research could focus on a range of areas associated with longevity of CR reasoning improvements, the differences in CR between cohorts with varying clinical experience and an analysis of students' CR using other measurements for analysis.
Future researchers could analyze the CR of participants as students and further in the future to ascertain whether early CR teaching results in a transient or ingrained change in the students' CR decision making and management.
A further recommendation of this study would be for future researchers to use outcomes other than the summative written exams to assess CR. As previously mentioned, OSCE data would be an interesting area to analyze, perhaps with the use of standardized mark sheets with predetermined CR questions and video analysis for the future breakdown. The use of patient outcomes as a marker for CR skills would also make for an interesting study.
Finally, as CR is also thought to improve unconsciously with time, researchers could study the difference in CR between cohorts with different levels of clinical experience to see whether this purported difference is borne out.
Conclusion
The main finding of this research was that the implementation of a CR teaching curriculum can have a significant impact on the CR of its students. This suggests that CR can be developed both before and during clinical practice.
To better facilitate an effective CR curriculum, attention should be focused on: trained and motivated teachers; facilitating changes in the teaching to better respond to the needs of the students; informed and focused feedback alongside effective assessments and strategies for CR teaching to be ingrained into the ongoing curriculum to better embed it into the system.
